(19) 



J 



Europaisches Patentamt 
European Patent Office 
Office euro pee n des brevets 



(12) 



(45) Date of publication and mention 
of the grant of the patent: 
27.07.2005 Bulletin 2005/30 

(21) Application number: 97949817.7 

(22) Date of filing: 05.12.1997 



(H) EP 0 955 900 B1 

EUROPEAN PATENT SPECIFICATION 

(51) into/: A61B 17/00, A61B 17/12 



(86) International application number: 
PCT/US1 997/0231 33 

(87) International publication number: 

WO 1998/024374 (11.06.1998 Gazette 1998/23) 



(54) VASCULAR WOUND CLOSURE SYSTEM 

SYSTEM ZUM VERSCHLIESSEN EINER VASKULAREN WUNDE 
SYSTEME DE FERMETURE DE PLAIE VASCULAIRE 



(84) Designated Contracting States: 

AT BE CH DE DK ES Fl FR GB GR IE IT LI LU NIC 
NL PT SE 

(30) Priority: 05.12.1996 US 764611 
03.10.1997 US 943369 
04.12.1997 US 984757 

(43) Date of publication of application: 
17.11.1999 Bulletin 1999/46 

(73) Proprietor: LOMA LINDA UNIVERSITY MEDICAL 
CENTER 

Loma Linda, California 92354 (US) 



00 

o 
o 

o> 

in 
to 
o> 

o 

Q. 
LU 



(72) Inventors: 

• ZHU,Yong, Hua 

Loma Linda, CA 92354 (US) 

• KIRSCH, Wolff, M. 
Redlands, CA 92373 (US) 

(74) Representative: Fiener, Josef 
Patentanw. J. Fiener et col. 
Postfach 12 49 
87712 Mindelheim (DE) 



(56) References cited: 
EP-A- 0 646 350 
WO-A-97/20505 
GB-A- 2 142 244 
US-A- 5 360 397 



WO-A-96/24291 
DE-U- 9 202 738 
US-A- 1 064 307 
US-A- 5 580 344 



Note: Within nine months from the publication of the mention of the grant of the European patent, any person may give 
notice to the European Patent Office of opposition to the European patent granted. Notice of opposition shall be filed in 
a written reasoned statement. It shall not be deemed to have been filed until the opposition fee has been paid. (Art. 
99(1) European Patent Convention). 

Printed by Jouve. 75001 PARIS (FR) 



5 



1 



EP 0 955 900 B1 



2 



Description 

Field of the invention 

[0001] The present invention relates to a system 
which assists in the closure of puncture or other wounds 
in the vasculature of a patient. Specifically, the invention 
relates to devices which aid in locating and isolating the 
wound in the vasculature and guiding an appropriate 
wound closure device to the site, so that the wound may 
be closed using surgical clips, sutures, or staples. 

Background of the Invention 

[0002] Transluminal balloon angioplasty is used in the 
treatment of peripheral vascular disease to increase or 
restore blood flow through a significantly narrowed ar- 
tery in a limb; it is also used in the treatment of blockage 
of the coronary arteries. In fact, coronary angioplasty 
has emerged as a major viable alternative to bypass sur- 
gery for revascularization of stenotic and occluded cor- 
onary arteries. Unlike bypass surgery, angioplasty does 
not require general anesthesia, opening of the chest 
wall, use of a heart-lung machine, or transfusion of 
blood. Angioplasty is not only less invasive and less 
traumatic to the patient, it is also less expensive be- 
cause of the shorter hospital stay and shorter recovery 
time. 

[0003] Transluminal balloon angioplasty is performed 
by first inserting a hollow needle through the skin and 
into the patient's femoral artery. A guidewire is advanced 
through the hollow needle and into the artery, then along 
the patient's vasculature toward the site of the blocked 
blood vessel or heart valve to be treated. X-ray imaging 
is used to help move the guidewire through the vascular 
system and into position just past the stenosis to be 
treated. A balloon catheter is then threaded over the 
guidewire and advanced until the deflated balloon is 
within the stenosis. The balloon is then repeatedly in- 
flated to widen the narrowed blood vessel. After the pro- 
cedure is complete, the catheter and guidewire are with- 
drawn from the blood vessels and the patient. 
[0004] Angiography, which is used to detect diseases 
that alter the appearance of blood vessels, is performed 
in a similar manner. A hollow needle is first inserted 
through the skin and into the femoral artery, and a 
guidewire is then inserted through the needle and into 
the affected blood vessel. A catheter is then threaded 
over the guidewire and into the blood vessel to be ex- 
amined, using x-ray imaging to guide the catheter to the 
desired position. Contrast medium is then injected, and 
a rapid sequence of Way pictures are taken so that 
blood flow along the affected vessel can be studied. 
Once complete, the catheter and guidewire are re- 
moved from the patient's body. 

[0005] After the catheter and guidewire used during 
angioplasty or angiography are removed, the puncture 
wound in the femoral artery must be closed and the 



bleeding through the puncture site in the artery stopped. 
Currently, ice packs and/or pressure are applied to the 
artery for a period lasting up to several hours in an at- 
tempt to stop the bleeding. There exists, however, a sig- 

5 nificant chance that upon movement by the patient, the 
wound will reopen and begin bleeding again. Although 
efforts have been made to close the puncture wound 
using staples, clips, and sutures, they have been unsuc- 
cessful, largely due to the inability to clearly locate and 

10 visualize the puncture wound in the femoral artery. 
[0006] Other wounds in the vasculature of a patient 
can also be difficult to locate and access. Thus, a device 
and method to facilitate the closure wounds in the vas- 
culature of a patient, such as femoral artery puncture 

15 wounds 

[0007] following transluminal balloon angioplasty and 
angiography, would be extremely beneficial. A device 
having the ability to aid in locating the puncture wound 
and facilitating the closure of the wound using staples, 

20 clips, or sutures would eliminate the prolonged bleeding 
currently associated with such wounds. 
[0008] A vascular wound closure device is disclosed 
in WO 97/20505 being an Art. 54(3) EPC intermediate 
document. This device facilitates the closure of puncture 

25 wounds in the vasculature of a patient. It is used in con- 
junction with a guidewire and helps to locate and isolate 
the site of the puncture wound in the patient. A retractor 
moves the surrounding tissue laterally when positioned 
in the patient and acts as a guide in locating the exact 

30 site of the wound. The retractor is preferably used in 
combination with a surgical clip applicator which deliv- 
ers clips to the site of the wound. 
[0009] The US-patent 5,360,397 discloses a hemodi- 
alysis catheter and catheter assembly. This catheter has 

35 a concentric outer lumen for inflow and a concentric in- 
ner lumen for outflow. The catheter assembly is consist- 
ed of the hemodialysis catheter, an adapter and flexible 
extenders. 

[0010] US-A- 5 580 344, disclosing the pre- charac- 
40 terizing features of claim 1 and claim 22 refers to a re- 
tractor with a channel and a pair of handles. 

Summary of the invention 

45 [0011] The present invention provides a device to fa- 
cilitate the closure of wounds in the vasculature of a pa- 
tient according to claim 1. It further provides a system 
for facilitating the closure of wounds in the vasculature 
of a patient according to claim 22. 

50 [0012] The wound closure system of the present in- 
vention aids in locating and isolating a puncture wound 
in the vasculature of a patient. The system can be used 
in conjunction with a guidewire which is normally insert- 
ed into the vasculature during diagnostic and therapeu- 

55 tic procedures. The devices of the present invention aid 
the physician in closing the wound, thus eliminating pro- 
longed bleeding associated with these procedures. 
[0013] A hollow dilator adapted to receive a guidewire 
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is preferably used in conjunction with the retractor. The 
dilator is inserted through the channel in the body por- 
tion of the retractor, and extends past the distal end of 
the reactor. The dilator preferably includes at least one 
indicator hole located at the distal end, which extends 5 
past the end of the retractor. The dilator has a double- 
sleeved inflatable balloon mounted on its distal end just 
proximal to the indicator hole, and a second inflatable 
balloon mounted just distal to the indicator hole. These 
balloons help anchor the dilator in place, and provide 10 
access to the puncture wound from the surface of the 
patient's body. A guidewire is used to help guide the in- 
sertion of the dilator. The guidewire is inserted through 
the hollow dilator, and the dilator advanced over the 
guidewire into its proper position. 15 
[0014] Another aspect of the present invention in- 
cludes a system for facilitating the closure of wounds in 
the vasculature of a patient. The system includes a re- 
tractor as described above, a hollow dilator adapted to 
receive a guidewire, and a guidewire. The guidewire is 20 
inserted through the dilator, and the dilator is inserted 
through the channel in the retractor. Preferably, a guide 
assembly adapted to be reversibly attached to a surgical 
clip applicator is used. The guide assembly receives the 
guidewire to help guide the clip applicator to the site of 25 
the puncture wound. 

[001 5] The dilator preferably has a source of negative 
pressure connected to its proximal end in fluid commu- 
nication with the hollow dilator. The source of negative 
pressure can be a syringe or any other appropriate 30 
source. 

[0016] A method for facilitating the closure of a wound 
in the vasculature of a patient is also described. A 
guidewire is first inserted into the patient's vasculature 
through the wound, until the distal end of the guidewire 35 
is within the vasculature and the proximal end remains 
outside the patient's body. The proximal end of the 
guidewire is inserted into the distal end of a hollow dila- 
tor having a double-sleeved balloon and a second bal- 
loon distal the double-sleeved balloon mounted on it. *o 
The dilator is advanced over the guidewire until it reach- 
es the wound. The balloons are inflated to anchor the 
dilator in position, and the proximal end of the dilator is 
inserted into the distal end of a retractor. The retractor 
is advanced between the two sleeves of the double- 45 
sleeved balloon. The two halves of the retractor are sep- 
arated and the dilator and the inner sleeve of the double- 
sleeved balloon are removed from the patient. Using the 
retractor and the outer sleeve of the balloon as a guide, 
the wound is accessed and closed by means such as 50 
clipping, stapling, or suturing. 

[0017] Preferably, a source of negative pressure is 
provided on the proximal end of the dilator during inser- 
tion, until blood is drawn into the dilator from the vascu- 
lature. This assists the user in determining when the di- 55 
lator is properly positioned. 

[0018] A hollow indicator tube mounted on a surgical 
clip applicator is preferably used to close the wound. 



The applicator is advanced over the guidewire and 
through the channel in the retractor until the applicator 
contacts the wound. To aid proper insertion, a source of 
negative pressure is provided at the proximal end of the 
indicator tube, until blood is drawn into the indicator tube 
from the vasculature. 

[0019] In yet another embodiment of the retractor 
used to facilitate wound closure, the retractor has a body 
portion and a handle portion. At its distal end, the body 
portion has a retracting portion having two movable 
halves which extend away from the body portion. The 
halves are formed such that when the internal surfaces 
abut one another, a channel is formed which extends 
completely through the retracting portion. The handle 
portion connects to the body portion and controls the 
movement of the two moveable halves. Preferably, the 
handle portion comprises two handles, and a loop ex- 
tending from one handle to the other. This loop sur- 
rounds a screw mounted on the other handle. This lock- 
ing mechanism acts to secure the position of the han- 
dles and the retracting portion of the retractor. 
[0020] A hollow catheter having an open proximal end 
and an open distal end, adapted to receive a guidewire 
therethrough, is used in conjunction with the retractor. 
The hollow catheter is inserted through the channel in 
the retracting portion of the retractor. The catheter is 
preferably a dual-lumen catheter, having an inner lumen 
adapted to receive a guidewire, and an outer lumen 
which surrounds the inner lumen. The outer lumen has 
at least one indicator hole located in an outer wall to 
allow for the aspiration of blood through the outer lumen. 
This helps position the catheter properly within the pa- 
tient's body. 

[0021] The retractor and dual-lumen catheter are 
used in the following manner. The retractor is mounted 
on the outside of the distal end of the catheter, approx- 
imately 0.5 mm behind the indicator hole located in the 
outside wall of the catheter. The proximal end of a 
guidewire which is already in place in the patient as a 
result of a diagnostic or therapeutic procedure, is insert- 
ed into the distal end of the inner lumen of the dual-lu- 
men catheter, and the catheter and retractor are ad- 
vanced as a single unit over the guidewire. 
[0022] Preferably, a source of negative pressure is 
provided at the proximal end of the outer lumen of the 
dual-lumen catheter during its advancement. As soon 
as blood is drawn into the outer lumen through the indi- 
cator hole, advancement of the catheter and retractor 
are stopped. The two halves of the retracting portion are 
then separated to expose the wound, the catheter and 
guidewire are removed, and the wound is closed. 
[0023] Further, a second catheter having an inflatable 
balloon on its distal end may be used. Once the retractor 
and double-lumen catheter are in place, the guidewire 
is removed from the patient through the inner lumen of 
the dual-lumen catheter. The inner catheter having an 
inflatable balloon mounted on its distal end is inserted 
through the inner lumen of the dual-lumen catheter and 
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into the patient. Once inside the vasculature, the balloon 
is inflated and drawn in a proximal direction until resist- 
ance is felt. This helps to anchor the catheter in place 
as well as stop the bleeding during the closing of the 
wound. The dual-lumen catheter is removed, and the 
inner catheter is used to guide a closing device to the 
wound. The wound is closed as the balloon is deflated 
and the inner catheter is removed. Finally, the retractor 
is removed. 

[0024] The present invention advantageously pro- 
vides a simple and safe device or system of facilitating 
the closure of a wound in the vasculature of a patient, 
and the devices which facilitate this method. A retractor, 
used in conjunction with a guidewire, dilator or catheter, 
helps locate and isolate the site of the puncture wound 
in the patient. The retractor moves the surrounding tis- 
sue laterally as it is advanced into the patient, and acts 
as a guide for the physician in locating the exact site of 
the wound. The retractor is preferably used in combina- 
tion with a surgical clip applicator which delivers clips to 
the site of the wound, but can also be used with other 
methods of wound closure such as suturing and sta- 
pling. The present invention eliminates the prolonged 
bleeding associated with current cardiac diagnostic and 
therapeutic procedures, and provides a significant ad- 
vancement in the medical field. 

Brief Description of the Drawings 

[0025] 

FIGURE 1 is a side view of a portion of a human 
body, showing the site where the femoral artery is 
typically accessed and punctured during angi- 
oplasty or angiography. 

FIGURE 2 is a perspective view of a wound closure 
device. 

FIGURE 3 is an exploded perspective view of the 
wound closure device. 

FIGURE 4 is a cross-sectional view of a portion of 
a human body, showing the femoral artery ac- 
cessed via a hollow needle, and a guidewire having 
an inflatable balloon attached, inserted through the 
hollow needle and into the femoral artery. 
FIGURE 5 is a side view of the distal end of a sur- 
gical clip applicator to be used in conjunction with 
the wound closure device. 

FIGURE 6 is a partial cross-sectional view of a por- 
tion of a human body, showing the femoral artery 
having a guidewire positioned therein, and a per- 
spective view of the retractor positioned over the 
guidewire, with its distal tip at the site of the punc- 
ture in the femoral artery. 

FIGURE 7 is a side view of the retractor with its cap 
removed and the wings of the surgical clip applica- 
tor inserted into the grooves within the retractor. 
FIGURE 8 is a cross-sectional view of the clip ap- 
plicator and retractor taken along line 8-8 in FIG- 



URE 7. 

FIGURE 9 is a perspective view of an alternate em- 
bodiment of a femoral artery closure device. 
FIGURE 10 is an exploded perspective view of the 

5 alternate embodiment of the femoral artery closure 
device illustrated in FIGURE 9. 
FIGURE 11 is a side view of the 2 halves of the re- 
tractor of FIGURES 9 and 1 0 separated slightly and 
having a dilator inserted therethrough. 

10 FIGURE 12 is a cross-sectional view of the distal 
end of the retractor having a dilator and a guidewire 
inserted therethrough. 

FIGURE 13 is a side view of the components of the 
femoral artery localization and closure assembly. 
15 FIGURE 14 is a side view of the 2 halves of the re- 
tractor separated slightly and having a surgical clip 
applicator with an applicator guide and a guidewire 
inserted therethrough. 

FIGURE 15 is a top view of a surgical clip applicator 

20 guide. 

FIGURE 16 is a side view of the clip applicator 
guide, having a guidewire inserted therethrough. 
FIGURE 17 is an enlarged perspective view of a di- 
lator having a removable double-sleeved balloon at 

25 its distal end. 

FIGURE 18 is an enlarged perspective view of the 
dilator of FIGURE 1 7 with the sleeves of the balloon 
inflated. 

FIGURE 19 is an enlarged perspective view of the 

30 dilator of FIGURE 18 having the retractor inserted 
between the sleeves of the balloon. 
FIGURE 20 is an enlarged perspective view of the 
dilator and retractor of FIGURE 19 with the dilator 
removed, illustrating the tunnel formed by the re- 

35 tractor and the outer sleeve of the balloon. 

FIGURE 21 is a perspective view of another alter- 
nate embodiment of a retractor. 
FIGURE 22 is an exploded perspective view of the 
alternate embodiment of the retractor illustrated in 

40 FIGURE 21. 

FIGURE 23 is a perspective view of an alternate 
embodiment of a dilator having a double-sleeved 
balloon and a distal balloon mounted thereon. 
FIGURE 24 is a top view of another embodiment of 

45 the double-sleeved balloon, illustrating the l- 
shaped inner sleeve. 

FIGURE 25 is a perspective view of the alternate 
embodiment of the dilator of FIGURE 23, showing 
the balloons inflated. 

so FIGURE 26 is a cross-sectional view of the dilator, 
illustrating the various lumens in the dilator. 
FIGURE 27 is a side view of the distal end of a sur- 
gical clip applicator with an indicator tube mounted 
thereon, wherein the embodiments of Figs. 1 to 27 

55 are illustrative, only, and not claimed. 

FIGURE 28 is a perspective view of an embodiment 
of a retractor of the present invention, shown in a 
closed position. 
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FIGURE 29 is a perspective view of an embodiment 
of a retractor of the present invention, shown in an 
open position. 

FIGURE 30 is a side view of a dual-lumen indicator 
tube of the present invention, having a guidewire 5 
inserted through its central lumen. 
FIGURE 31 is a side view of the dual-lumen indica- 
tor tube of the present invention, with the retractor 
mounted thereon. 

Detailed Description of the Preferred Embodiment 

Introduction 

[0026] Although the description which follows details 
the closure of a puncture wound in a femoral artery, the 
present invention is not intended to be limited to use only 
with the femoral artery. Rather, the description which fol- 
lows is exemplary only, and those of skill in the art can 
readily modify the method described below to use with 
other types of wounds to the vascular system. 
[0027J Referring first to FIGURE 1, there is shown a 
side view of a portion of a human body, showing a site 
5 where a femoral artery 10 is typically accessed and 
punctured during angioplasty or angiography. During 
these procedures, a hollow needle 15 is first inserted 
through the skin and into the femoral artery 10: A 
guidewire 20 is then inserted through the proximal end 
of the hollow needle 15 and into the artery 10, as illus- 
trated in FIGURE 4, and the needle 1 5 is withdrawn from 
the patient. The guidewire 20 is advanced through the 
patient's vasculature, often using x-ray imaging as an 
aid in directing the guidewire 20 to the desired location. 
[0028] Once the guidewire 20 is in the desired loca- 
tion, a catheter is used. The proximal end of the 
guidewire 21 is inserted into the distal end of the cath- 
eter, and the catheter is threaded over the guidewire 20 
and advanced to the desired location. In the case of an- 
gioplasty, the catheter has an inflatable balloon attached 
at its distal end. Once in position within the stenosis, the 
balloon is repeatedly inflated and deflated to widen the 
narrowed blood vessel. In the case of angiography, a 
catheter is threaded over the guidewire 20 as just de- 
scribed and into the blood vessel to be examined. Con- 
trast medium is then injected, and a rapid sequence of 
x-ray pictures are taken so that blood flow along the af- 
fected vessel can be studied. 

[0029] After either of these procedures is completed , 
the catheter and guidewire 20 are withdrawn from the 
blood vessel and the patient. The puncture wound 25 in 
the femoral artery 10 caused by the insertion of the hol- 
low needle 15, guidewire 20 and catheter must be 
closed and the bleeding through the puncture site 25 in 
the artery 10 stopped. 

Construction of the Retractor 

[0030] In order to facilitate the closure of the wound 



25 in the femoral artery 10, a retractor 30 is employed. 
The retractor 30, illustrated in FIGURES 2 and 3, com- 
prises a body portion 35 and a cap 40. The body 35 of 
the retractor 30 has a narrow, tapered distal end 37, and 
a broader circular proximal end 41. The device 30 has 
two handles 43, 45 located on its body 35, one on each 
half 35a, 35b. The handles 43, 45 are positioned ap- 
proximately one-third of the way from the proximal end 
of the retractor 41 , and extend laterally from the body of 
the retractor 35. These handles 43, 45 assist the user 
in handling the device 30. The retractor 30 also com- 
prises a circular cap 40 at its proximal end 41 , having a 
hole 47 therethrough. This hole 47 extends into a chan- 
nel 50 which runs the entire length of the device 30. 
[0031] As illustrated in FIGURE 3, the cap 40 and 
body 35 of the retractor 30 comprise three separable 
pieces: the cap portion 40 and the two halves of the body 
portion 35a, 35b. The removable cap 40 is internally 
threaded 55. The proximal end 39 of the two halves of 
the body 35a, 35b are externally threaded 60, and are 
adapted to removably receive the cap 40. Each half of 
the body of the retractor 35a, 35b has a semi-circular 
groove 65 on its flat internal surface 67. When the cap 
40 is securely screwed onto the two halves of the body 
35a, 35b as illustrated in FIGURE 2, the three pieces 
are joined together, and the semi-circular grooves 65 
form a channel 50 running through the interior of the de- 
vice 30, which starts at the hole in the cap 47 at the prox- 
imal end 41 and continues through the body 35, ending 
at a small hole 49 in the distal end of the retractor 37 
where the two halves of the body 35a, 35b come togeth- 
er. When the cap 40 is unscrewed from the body 35, the 
two halves of the body 35a, 35b may be moved apart 
from one another, as illustrated in FIGURE 3. 

Alternate Embodiment of the Retractor 

[0032] In this embodiment illustrated in FIGURES 
9-10, the retractor 100 includes a retraction mechanism 
whereby the two halves 1 02a, 1 02b of the retractor body 
1 02 can be moved apart from one another a desired dis- 
tance, while maintaining their alignment. The retractor 
again comprises a body portion 1 02, and an annular cap 
104. The two halves 102a, 102b of the body are initially 
held together by the internally threaded 105 cap 104. 
This cap 1 04 is screwed on and off the externally thread- 
ed halves 102a, 102b of the retractor body. The outer 
surface of the cap 106 can be textured to ease hand 
tightening and loosening of the cap 106. As illustrated 
in FIGURE 10, each half 102a, 102b of the retractor 
body again has a semicircular groove 126 running lon- 
gitudinally down the center of its flat internal surface 
128. When the cap 104 is securely screwed onto the 
two halves 102a, 102b of the retractor body, such that 
the internal surfaces 128 abut one another, the semicir- 
cular grooves 126 form a channel 108. The cap 104 is 
open on both ends and through its center to permit ac- 
cess to the channel 108. 
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[0033] The retractor 100, as illustrated in FIGURES 
9-10, further comprises a collar 110 located on the re- 
tractor body 102 just distal to the externally threaded 
proximal end 103; a pin assembly 116, comprising two 
parallel pins 116a, 116b attached at one end to a per- 
pendicular handle 116c; and two set screws 120a, 120b. 
As illustrated in FIGURE 10, the pins 116a, 116b 
traverse guide passages 118a, 118b bored through the 
collar region 110b of one half 102b of the retractor body 
and are insertable within holes 124a, 124b in the collar 
region 110a of the other half 102a of the retractor body, 
such that one half 102b of the retractor body can slide 
apart from the other half 102a on the pins 116a, 116b. 
The collar 110b includes internally threaded holes 122a, 
122b adapted to receive externally threaded set screws 
120a, 120b. The set screw holes 122a, 122b enter the 
collar region 110a at right angles to the pin guide pas- 
sages 1 1 8a , 1 1 8b, such that when the set screws 1 20a , 
120b are advanced, they tighten upon the pins 116a, 
116b and thus, fix the distance between the two halves 
102a, 102b of the retractor body. 

Second Alternate Embodiment of the Retractor 

[0034] Yet another embodiment of the retractor is il- 
lustrated in FIGURES 21 and 22. The retractor 200 com- 
prises a body portion 202 having a distal end 204, and 
a broader, collar portion 206 at its proximal end 205. Like 
the embodiment described above, this retractor 200 is 
formed in two halves 202a, 202b and preferably has a 
tapered distal end 204. Each half of the body of the re- 
tractor 202a, 202b, has a semi-circular groove 208 on 
its flat internal surface 209. When the two halves 202a, 
202b are joined together, the semi-circular grooves 208 
form a channel 210 running through the interior of the 
device 200, extending from the proximal end 205 to the 
distal end 204. 

[0035] The collar 206 of the device 200 includes a pin 
assembly 212 comprising two parallel pins 212a, 212b 
attached at one end to a handle 212c, and two set 
screws 214a, 214b. As illustrated in FIGURE 22, the 
pins 212a, 212b traverse guide passages 216a, 216b 
bored through the collar region 206 of one half of the 
retractor body 202b, and are insertable within holes 
218a, 218b in the collar region 206 of the other half of 
the retractor body 202a, such that one half of the retrac- 
tor body 202b can slide apart from the other half 202a 
on the pins 21 2a, 21 2b. The collar 206 also includes in- 
ternally threaded holes 220a, 220b adapted to receive 
externally threaded set screws 214a, 214b. The set 
screw holes 220a, 220b enter the collar region 206 at 
right angles to the pin guide passages 21 6a, 21 6b such 
that when the set screws 214a, 214b are advanced, they 
tighten upon the pins 212a, 212b and thus, fix the dis- 
tance between the two helves of the retractor body 
202a, 202b. 



Third Alternate Embodiment of the Retractor 

[0036] An embodiment of the retractor of the present 
invention is illustrated in FIGURES 28 and 29. The re- 

5 tractor 300 comprises a distal body portion 302, and a 
proximal handle portion 304. The distal body portion 302 
of the retractor 300 is formed in two portions or halves 
302a, 302b. At the distal end 306 of the body portion 
302, a retracting portion 308 extends away from, and at 

10 an angle to the body portion 302. Preferably, the retract- 
ing portion 308 extends substantially perpendicular to 
the body portion 302. The retracting portion 308 is also 
formed in two separable portions or halves 308a, 308b. 
Each of these portions 308a, 308b can be semi-circular 

15 in shape, or have a semi-circular groove 312 in its flat, 
internal surface (FIGURE 29). The external surfaces are 
preferably rounded, and tapered toward the distal end 
310. When the two portions 308a, 308b are brought to- 
gether such that the two portions abut one another, as 

2Q seen in FIGURE 28, a channel 314 is formed through 
the interior of the retracting portion 308 of the retractor 
300. 

[0037] Handles 316a, 316b are located at the proxi- 
mal end 304 of the retractor 300. The handles 316a, 

25 316b are preferably elongate and of a dimension suffi- 
cient to permit manipulation by hand. The handles 31 6a, 
316b are securely connected to the body portion 302 of 
the retractor 300. The handles 316a, 316b are used to 
control the movement of the retracting portion 308 of the 

30 retractor 300. 

[0038] FIGURES 28 and 29 also illustrate a loop 320 
extending from one of the handles 316a in the direction 
of the other handle 316b. The other handle 316b has a 
screw 322 inserted therethrough. The loop 320 sur- 

35 rounds the screw 322, such that when the screw 322 is 
tightened, the loop 320 is held securely between the 
screw 322 and the underlying surface. This mechanism 
acts to control the distance between the handles 316a, 
316b thereby controlling the distance between the two 

40 halves of the retracting portion 308a, 308b. The handles 
316a, 316b, and the corresponding retracting portions 
308a, 308b may be locked into any position by sliding 
the loop 320 along the screw 322, then tightening the 
screw 322 to securely fix the loop 320 in the desired po- 

45 sition. Of course, other locking mechanisms well known 
to those of skill in the art may also be used to control 
the positioning of the retractor 300. 
[0039] The retractors of the present invention are 
preferably formed of one of many strong, biocompatible 

50 engineering polymers. Plastics such as polypropylene, 
polyethylene, or polyterephthalate, are preferred. Elas- 
tomers such as silastics or silicones can also be used. 
Most preferably, metals such stainless or surgical steel, 
or titanium, are used to form the retractor. 

55 

Construction of the Dilator 

[0040] As illustrated in FIGURES 11-13, the retractor 
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100 is preferably used in conjunction with a dilator 150. 
As is known to those of ordinary skill in the art, the hollow 
dilator 150 preferably includes a standard male connec- 
tor 149, such as a Luer connector, at its proximal end 
and is narrowly tapered at its distal end 1 51 . The inside 5 
diameter of the dilator channel 160 is large enough to 
accommodate a guidewire 144, so that the dilator 150 
can be fed along the guidewire 144 and into the lumen 
of the femoral artery. Dilators are commonly used in pro- 
cedures such as angioplasty and angiography to en- 
large the puncture site and provide improved access to 
the femoral artery. 

[0041] In one embodiment, the dilator is preferably 
notched 152 near its distal end 151 around its entire cir- 
cumference. This notch 152 provides a seat for the ta- 
pered distal tips of the two halves 102a, 102b of the re- 
tractor body, such that when the retractor 100 is closed 
upon the dilator 150, the sharp distal tip of the retractor 
body 112 is buried in the notch 152 of the dilator. This 
forms a smooth transition between the dilator 150 and 
retractor 100 (FIGURE 12). As will be explained more 
fully below, when the guidewire 144 is inserted through 
the dilator 150 and the dilator 150 is then inserted 
through the retractor 100, (FIGURES 12-13), the dilator 
1 50 lies securely within the interior circular channel 1 08 
(FIGURE 9) running the length of the retractor body 1 02. 
[0042] The dilator 150 also preferably includes at 
least one indicator hole 154. The dilator 150 illustrated 
in FIGURES 11-13 includes two indicator holes 154 di- 
rectly opposed to one another, located a few millimeters 
distal to the notch 1 52; the distance X between the holes 
154 and the notch 152 is preferably only slightly larger 
than the thickness of the wall of the femoral artery. 
[0043] Alternatively, a transducer-tipped pressure 
monitoring catheter, mounted to the outside of the dilator 
1 50, may be used in conjunction with the dilator 1 50 and 
indicator holes 154. Use of the indicator holes 154 and 
pressure sensor will be described in detail below. 

Dilator/Retractor Assembly 

[0044] Another embodiment comprises an entire fem- 
oral artery localization and closure assembly illustrated 
in FIGURE 13. The guidewire 144 which emerges from 
the original puncture wound is fed through the dilator 
150, and then the dilator 150 is inserted through the re- 
tractor 100. The retractor 100 is advanced along the di- 
lator 1 50 until the distal tips of the retractor 1 1 2 stop with- 
in the notch 152 in the dilator 150. Preferably, the male 
fitting 149 on the proximal end of the dilator 150 is con- 
nected to one port of a commercially available 3-way Y- 
connector 1 56. A syringe 1 58 or other means of applying 
negative pressure is connected to one of the other ports 
on the Y-connector 156 and the proximal end of the 
guidewire 144 exits the Y-connector 1 56 via the remain- 
ing port. The Y-connector 156 therefore acts as a seal 
at the proximal ends of dilator 150 and guidewire 144. 



Alternate Embodiments of the Dilator 

[0045] In another embodiment, a modified dilator 1 50 
is used. As illustrated in FIGURE 17, a double-sleeved 
balloon 170 is removably attached to the dilator 150 
near its distal end 151, proximal to a single indicator hole 
154. Preferably, the balloon 170 is placed a distance 
from the indicator hole 154 which is approximately the 
width of the arterial wall, e.g., about 1.5 mm. The inflat- 
able, double-sleeved balloon 170 is angled at its distal 
end 172 to allow the balloon to better fit the femoral ar- 
tery 10. The balloon 170 includes inflation means which 
allow the balloon to be inflated and deflated from the 
proximal end of the dilator 150. Use of the double- 
sleeved balloon 170 will be described in detail below. 
[0046] In yet another embodiment, illustrated in FIG- 
URES 23-25, the dilator 220 has both a double-sleeved 
balloon 222 and a second inflatable balloon 224 mount- 
ed on its distal end 226. The double-sleeved balloon 222 
is removably attached to the dilator 220 near its distal 
end 226, proximal to the single indicator hole 228. The 
second inflatable balloon 224 is mounted on the dilator 
220 just distal to the indicator hole 228. When inflated, 
this second balloon 224 helps anchor the dilator 220 in 
place in the femoral artery 1 0, preventing the dilator 220 
from being pulled out of the artery 10 during the proce- 
dure. Thus, the distal, second balloon 224 is positioned 
together with the indicator hole 228, within the artery 1 0, 
while the double-sleeved balloon 222, proximal to the 
indicator hole 228, remains outside of the artery 10 as 
illustrated in FIGURE 25. The balloons 222, 224 assist 
in the proper positioning of the dilator 220, and help an- 
chor the dilator 220 once it is properly positioned, as will 
be explained in detail below. 

[0047] The inner sleeve 230 of the double-sleeved 
balloon 222 is preferably shaped to facilitate the inser- 
tion of the retractor 200 between the two sleeves 229, 
230, as will be described in more detail below. As illus- 
trated in FIGURE 24, the inner sleeve 230 can be in the 
shape of an "I", thus providing additional space between 
the inner surface of the outer sleeve 229, and the outer 
surface of the inner sleeve 230. This allows the two 
halves of the retractor body 202a, 202b to be inserted 
between the two sleeves 229, 230 more easily. The two 
sleeves of the balloon 229,230 can be shaped in any 
form that would help facilitate insertion of the retractor 
220. 

[0048] The dilator 220 having both a double-sleeved 
balloon 222 and a second, distal balloon 224, is further 
illustrated in FIGURE 26. As can be seen from the draw- 
ing, the dilator 220 has 4 different lumens 232, 234, 236, 
238 extending from the proximal end of the dilator 225 
to the distal end of the dilator 226. A guidewire 240 is 
inserted through one of the lumens 236. Another lumen 
232 is used to inflate the double- sleeved balloon 222, 
while a third lumen 238 is used to inflate the second bal- 
loon 224 at the distal end of the dilator 226. The fourth 
lumen 234 is used to aspirate blood through the indica- 
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tor hole 228 at the dista! end of the dilator 226. Syringes 
are preferably used to provide the aspiration and infla- 
tion pressure through these lumens 232, 234, 238, 238. 
The proximal end of the dilator 225 is preferably adapted 
to allow for fluid communication between the syringes 5 
and the various lumens 232, 234, 236, 238 in the dilator. 
Of course, other means of aspirating blood and inflating 
the balloons may also be used, and connectors specif- 
ically adapted for these devices can be attached at the 
proximal end of the dilator 225 to accommodate the to 
means chosen. 

Dual Lumen Catheter 

[0049] In yet another embodiment, a dual-lumen cath- t5 
eter is used to locate the exact site of the puncture 
wound. As illustrated in FIGURES 30 and 31 , the cath- 
eter 340 has an inner lumen 342 which extends from the 
proximal end of the catheter 344 all the way to the distal 
end of the catheter 346. This inner lumen 342 is adapted 20 
to receive an inner catheter 360 or guidewire 350, as 
will be explained in more detail below. 
[0050] The outer lumen of the dual-lumen catheter 
340 surrounds the inner lumen 342, and also extends 
from the proximal end of the catheter 344 to the distal 25 
end 346. Near the distal end of the catheter 346, at least 
one indicator hole 352 is positioned in the outer wall of 
the catheter 340. The indicator hole 352 provides fluid 
communication between the area outside of the catheter 
340 and the outer lumen. The outer surface of the cath- 30 
eter 354 surrounding the indicator hole 352 is preferably 
raised, acting as a stop. Preferably, the distance be- 
tween the indicator hole 352 and the proximal end of the 
raised surface of the retractor 354, is approximately the 
same as the thickness of the wall of the femoral artery. 35 
As will be explained below, the retractor 300 is first 
mounted on the distal end of the catheter, and posi- 
tioned such that the distal tip of the retracting portion 
310 stops just proximal to the raised surface 354, about 
0.5 mm proximal to the indicator hole 352. This assures *o 
that the distal tip of the retracting portion 310 will be 
properly positioned inside the patient's body at the site 
of the wound in the artery. 

[0051] At the proximal end of the catheter 344, the 
proximal end 358 of the outer lumen is preferably joined 45 
to a connector 364, such as a Luer-type connector, 
which is adapted to receive a syringe 360 or other 
source of negative pressure, as will be explained in 
more detail below. 

50 

The Surgical Clip Applicator 

[0052] The retractor is used to facilitate closure of 
wounds to the vasculature of a patient using surgical 
clips, staples, or sutures. One aspect therefore includes 55 
the use of a surgical clip applicator 70. A surgical clip 
applicator 70 for use with the retractor 30 is illustrated 
in FIGURE 5. As shown in this figure, the distal end of 



the clip applicator 75 is fitted with two triangular protru- 
sions or wings 77a, 77b that extend laterally from the 
sides of the distal end of the clip applicator 75. These 
wings 77a, 77b are configured to fit within the grooves 
65 located on the interior surface of the two halves 35a, 
35b of the body of the retractor 30, as is best seen in 
FIGURE 8. With the wings 77a, 77b of the clip applicator 
70 in the grooves 65 in the two halves of the body of the 
retractor 35a, 35b, the clip applicator 70 is guided into 
proper position within the patient's body, as will be dis- 
cussed in more detail below. In addition, the surgical clip 
applicator 70 preferably has a guide 80 attached to its 
distal end 75. The guide 80 preferably extends laterally 
from the side of the clip applicator 70, and is open at its 
proximal and distal ends such that a guidewire 20 may 
be threaded therethrough. This guide 80 is used in com- 
bination with the guidewire 20 to accurately guide the 
clip applicator 70 to the site of the vascular puncture 25, 
as will be described below. 

[0053] The surgical clip applicator 70 preferably also 
has a stop 85 located proximal of the distal end 75, at 
the point where the proximal ends of the wings of the 
applicator 77a, 77b end. As will be explained, the stop 
80 also aids in the proper positioning of the clip applica- 
tor 70 at the site of the vascular puncture 25, and pre- 
vents the clip applicator 70 from being inserted too far 
into the patient's body. 

Alternate Surgical Clip Applicator Assembly 

[0054] Referring now to FIGURES 14-16, there is il- 
lustrated an alternate embodiment of a surgical clip ap- 
plicator assembly 1 30. The clip applicator assembly 1 30 
incorporates a standard commercially available surgical 
clip applicator 132. In accordance with the present in- 
vention, the applicator is modified to include a guide as- 
sembly 134 reversibly fastened near its distal end. The 
guide assembly comprises a winged guide plate 138 
which is reversibly secured to a body 140. In the em- 
bodiment illustrated in FIGURES 14-16, alien screws 
142 are used to attach the guide plate 1 38 but other well 
known means of attachment can also be used. The dis- 
tal end of the surgical clip applicator 132 slides within 
the channel 148 (FIGURE 15) formed when the winged 
guide plate 138 is fastened to the guide body 140. 
[0055] Attached to the guide body 140 is a guidetube 
1 36 which is adapted to accept the guidewire 1 44. A pre- 
ferred embodiment of said guidetube 136 includes a 
mechanism to close the guidetube 136 once the 
guidewire 144 has entered. Such a mechanism may in- 
volve a second partially open tube which fits within said 
guidetube 136. This second tube can be rotated within 
the guidetube 136 to open the guidetube 136 when the 
openings in both tubes are aligned or close the gui- 
detube 136 when the openings of the tubes are offset. 
To facilitate the opening and closing, the inner tube pref- 
erably includes a handle that passes through a slot in 
the outer guidetube 1 36. This mechanism can be spring- 
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loaded like the closures commonly used on pieces of 
jeweilry. 

[0056] The surgical cfip applicator guide assembly 
134, together with the retractor 100 and the guidewire 
144, is designed to accurately guide the clip applicator 5 
132 to the site of the femoral artery puncture as detailed 
below. As explained above, the lateral edges of the 
winged guide plate 138 are configured to fit within the 
groove 126 (FIGURE 10) located on the interior surface 
of each half of the retractor body 102a, 102b. The sur- 
gical clip applicator 132 is guided between the retracted 
halves of the retractor body 102a, 102b following the 
guidewire 144 which passes through the guidetube 136 
at the distal most end of the surgical clip applicator 132. 

Second Alternate Surgical Clip Applicator Assembly 

[0057] An alternate embodiment of the surgical clip 
applicator assembly 250 is illustrated in FIGURE 27. 
Again, the clip applicator assembly 250 incorporates a 
standard commercially available surgical clip applicator 
252. The applicator 252 is modified to include a guide 
assembly 254 reversibly fastened near its distal end 
256. The guide assembly 254 is adapted to receive an 
indicator tube 260. The indicator tube 260 is a hollow 
tube having an indicator hole 264 near its distal end 262. 
The indicator tube 260 is adapted to receive a guidewire 
240 therethrough, and to be connected to a source of 
negative pressure at its proximal end. This source of 
negative pressure, such as a syringe, is used to provide 
aspiration through the indicator hole 264. When properly 
positioned on the clip applicator 252, the distal end of 
the indicator tube 262 and the indicator hole 264 extend 
past the distal end of the clip applicator 256. Preferably, 
the distance between the indicator hole 264 and the dis- 
tal tip of the clip applicator 256 is approximately equal 
to the width of the arterial wall, e.g., about 1.5 mm. 

Methods of Use 

[0058] Referring first to FIGURES 4-8, a first method 
of use of the retractor 30 in conjunction with a surgical 
clip applicator 70 to close a wound 25 in the femoral ar- 
tery 10 will now be described. As noted above, during 
angioplasty or angiography, the femoral artery 10 is first 
punctured with a hollow needle 15 and a guidewire 20 
is inserted therethrough (FIGURE 4). A proximal portion 
of the guidewire 21 remains outside the patient's body. 
After the distal end of the guidewire 23 is in position with- 
in the femoral artery 10, the hollow needle 15 is re- 
moved. A catheter (not shown) is then threaded over the 
guidewire 20, and inserted into the patient's body. 
[0059] In a preferred embodiment, a specially de- 
signed guidewire 20 having an inflatable balloon 24 lo- 
cated near its distal end 23 is used for the diagnostic or 
therapeutic procedure. The guidewire 20 is threaded 
through the hollow needle 15 and into the patient's vas- 
culature. Alternatively, such as for balloon angioplasty 



procedures, a standard guidewire well known to those 
of skill in the art can be used in conjunction with a balloon 
catheter. The balloon on the distal end of the catheter 
can be used in place of the balloon 24 located on the 
guidewire 20. 

[0060] Following completion of the therapeutic or di- 
agnostic procedure, the catheter used during the proce- 
dure is removed. The guidewire 20 remains in place in 
the patient's vasculature. (Note that when a balloon 
catheter is used in place of a guidewire having a balloon 
on its distal end, the catheter is left inside the patient, 
and use of its balloon is identical to the use of the balloon 

24 on the guidewire 20 described below). 

[0061] When the physician desires to close the wound 

25 in the femoral artery 10, he or she first withdraws the 
guidewire 20 and/or catheter through the patient's vas- 
culature using the portion of the guidewire 20 and/or 
catheter that remains outside the patient's body 21 , until 
the distal end 23 of the guidewire 20 and/or catheter is 
within the femoral artery 10 close to the femoral artery 
puncture site 25. The balloon 24 on the distal end 23 of 
the guidewire 20 or catheter is then inflated, and the 
guidewire 20 or catheter is withdrawn further until the 
physician feels some resistance. This will indicate that 
the balloon 24 is inside the femoral artery 1 0 and at the 
site of the puncture wound 25. The physician then 
threads the proximal end of the guidewire 21 into the 
hole 49 located at the distal end 37 of the fully assem- 
bled retractor 30 (FIGURES 2, 3 and 6). The guidewire 
20 is threaded through the channel 50 formed in the 
body of the retractor 35, until the proximal end of the 
guidewire 21 emerges through the hole 47 in the cap 40 
at the proximal end of the retractor 41 (FIGURE 6). The 
retractor 30 is then slowly advanced along the guidewire 
20 and into the patient's body, until resistance is felt. 
This resistance indicates that the distal tip of the retrac- 
tor 37 is contacting the inflated balloon 24 in the femoral 
artery 10. The distal tip of the retractor 37 therefore will 
be properly located at the site of the puncture in the fem- 
oral artery 25, as is shown in FIGURE 6. 

[0062] In a preferred embodiment, the guidewire 20 
used in conjunction with the femoral artery closure re- 
tractor 30 has a marking 27 on it which also helps to 
indicate when the retractor 30 has been properly posi- 
tioned (FIGURE 6). This marking 27 preferably consists 
of a tiny bead or colored line on the guidewire 20. The 
marking on the guidewire 27 is placed proximal of the 
proximal end of the balloon 26. The length of the retrac- 
tor 30 is measured, and the marking 27 is made at least 
that same length in a proximal direction on the guidewire 
20, measured from the proximal end of the balloon 26. 
Thus, when the retractor 30 is advanced over the 
guidewire 20 and resistance is felt, the physician checks 
to see if the marking on the guidewire 27 has emerged 
through the proximal end of the retractor 41, as is illus- 
trated in FIGURE 6. If the marking 27 is not yet visible, 
the physician must advance the retractor 30 further to 
ensure that it contacts the femoral artery puncture site 
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25. 

[0063] Once the retractor 30 is properly positioned 
within the patient's body, the surgical clip applicator 70 
or other method of closing the puncture wound 25 is 
used. The cap 40 on the retractor 30 is first removed 5 
from the body by unscrewing (FIGURE 3). The proximal 
end of the guidewire 21 emerging from the proximal end 
of the retractor 41 is threaded through the guide 80 lo- 
cated on the outer surface of the applicator 70, as illus- 
trated in FIGURE 7. The wings on the surgical clip ap- 
plicator 77a, 77b are inserted into the hole 90 formed at 
the proximal end of the body of the retractor 39, by lining 
up the wings 77a, 77b on the applicator 30 with the 
grooves 65 located on the inner surface 67 of the retrac- 
tor body halves 35a, 35b (FIGURES 7 and 8). The wings 
on the clip applicator 77a, 77b are sized to fit within the 
grooves 65 of the retractor 30, as is best illustrated in 
FIGURE 8. The clip applicator 70 is then advanced, 
which causes the two halves of the body of the retractor 
35a, 35b to separate, as shown in FIGURE 7. As the 
two halves 35a, 35b separate, the patient's tissue is dis- 
placed laterally, allowing better access to the puncture 
site 25 in the femoral artery 10 below the overlying tis- 
sues. The clip applicator 70 is advanced through the re- 
tractor 30 until the stop on the applicator 85 contacts the 
proximal end of the retractor 39. At this time, the balloon 
on the guidewire 24 or catheter is deflated, and the cath- 
eter and/or guidewire 20 is removed from the patient. 
The surgical clips located at the distal tip of the clip ap- 
plicator 75 are applied to the puncture wound 25, using 
the method well known to those of ordinary skill in the 
art. Once the femoral artery puncture wound 25 is 
closed, the clip applicator 70 and retractor 30 are re- 
moved from the patient. 

First Alternate Method 

[0064] Referring now to FIGURES 9-16, a method of 
using the alternate embodiment of the retractor 100 in 
conjunction with the dilator 150 and surgical clip appli- 
cator assembly 130 to localize and close the femoral ar- 
tery puncture wound is now described. As described 
above, following completion of the angioplasty or angi- 
ography, the catheter used during the procedure is re- 
moved from the patient's body, leaving only the 
guidewire threaded into the femoral artery. If desired, 
before the retractor-dilator assembly 101 (FIGURE 13) 
is used, a standard dilator of a smaller diameter than 
that 150 incorporated into the retractor-dilator assembly 
101 can be fed onto the proximal end of the guidewire 
and advanced down the guidewire and into the artery. 
This preliminary step dilates the overlying tissue if nec- 
essary, making it easier to subsequently pass the larger 
retractor-dilator assembly 101 through the surrounding 
tissue. 

[0065] If the tissue has been dilated as above, the 
smaller bore standard dilator is first removed. The prox- 
imal end of the guidewire 144 is first inserted into the 



distal channel 160 (FIGURE 11) of the dilator 150. The 
dilator 150 has been previously inserted through the in- 
ternal channel of the retractor 100, and the retractor 100 
advanced over the dilator 150 until the distal tip 112 
comes to rest in the notch 1 52 on the distal tip of the 
dilator 150. The Y-connector 156 is then attached to the 
proximal end of the dilator 150 and a syringe 158 at- 
tached to one of the ports of the connector 156. The re- 
tractor-dilator assembly 101 is then advanced over the 
guidewire 144 into the patient's body. 
[0066] While the retractor-dilator assembly 1 01 is ad- 
vanced into the patient's body, suction is continuously 
applied via the syringe 158 or other means of negative 
pressure (FIGURE 1 3) to the dilator 1 50. At the moment 
the indicator holes 154 enter the lumen of the femoral 
artery, blood is aspirated into the syringe 158, indicating 
that the dilator 1 50 has been inserted through the punc- 
ture site into the femoral artery. Thus, the distal tip of the 
retractor 112, still buried within the notch 152 in the di- 
lator 150, is located just proximal or outside the artery 
wall at the site of the puncture wound and the indicator 
holes 154 in the dilator 150 are located just distal or in- 
side the artery lumen. 

[0067] Alternatively, the dilator 150 includes a pres- 
sure sensor (not shown) such as a fiber optic pressure 
sensor, near its distal tip. The sensor is preferably 
mounted to the outside wall of the dilator 150. In a pre- 
ferred embodiment, a transducer-tipped pressure mon- 
itoring catheter, such as the Camino Catheter available 
from Camino Laboratories, San Diego, CA, is used. The 
pressure sensor, mounted on the outside of the dilator 
1 50, is inserted over the guidewire 1 44 and into the fem- 
oral artery. The pressure sensor, in conjunction with a 
pressure monitoring system, will indicate an increase in 
pressure when it is inserted into the femoral artery. At 
that point, the advancement of the retractor 100 is 
stopped, such that the distal tip of the retractor 112 is 
located just proximal the artery wall 10 at the site of the 
puncture wound. This allows the physician to properly 
locate the site of the femoral artery puncture wound in 
the patient. 

[0068] Once the dilator 150 and retractor 100 are in 
proper position, the cap 104 is removed from the retrac- 
tor 100 and the two halves 102a, 102b of the retractor 
body are separated slightly (FIGURE 10) by loosening 
the set screws 120a, 120b and sliding the two halves 
102a, 102b of the retractor laterally away from one an- 
other. This causes the distal tips 1 1 2 of two halves 1 02a, 
102b to emerge from the notch 152 in the dilator 150 
(FIGURE 11) and straddle the puncture site. The set 
screws 120a, 120b, are then tightened to hold the two 
halves 102a, 102b of the retractor 100 in this separated 
position. While pressing the retractor 100 down against 
the outer wall of the femoral artery, the dilator 150 is 
withdrawn, leaving only the retractor 100 and the 
guidewire 144 in position at the site of the puncture 
wound in the artery. 

[0069] To close the wound, the retractor 1 00 must be 
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retracted far enough to allow the surgical clip applicator 
assembly 130 to access the puncture site. Upon loos- 
ening the set screws 120a, 120b, the two halves 102a, 
102b of the retractor are further separated by applying 
pressure on the retractor pin handle 116c (FIGURES 5 
9-10). When sufficiently retracted, the set screws 120a, 
120b on the retractor assembly 100 are tightened to 
maintain the proper distance between the retractor 
halves. If necessary, a separate retractor, having a thick- 
ness suited for sliding within the grooves 126 in each w 
half 102a, 102b of the retractor body, and a width equal 
to that of the winged guide plate 138 (FIGURE 14) of 
the surgical clip applicator guide assemble 134, can be 
used to open the retractor body to the proper distance. 

15 

Second Alternate Method 

[0070] In an alternate embodiment illustrated in FIG- 
URE 17, the modified dilator 150 having a double- 
sleeved inflatable balloon 170 removably attached to 20 
the distal end of the dilator 151 , just proximal to the in- 
dicator hole 154, is used. The balloon dilator apparatus 
175 is inserted over the guidewire 144 into the patient's 
body. As described above, as the balloon-dilator appa- 
ratus 175 is advanced, negative pressure is applied to 25 
the system via the syringe or other source. The advance 
of the balloon-dilator apparatus 175 is stopped as soon 
as blood is aspirated. The double-sleeved balloon 170 
is then inflated to form a tunnel 1 76 between the femoral 
artery puncture wound and the surface of the patient's 30 
body, as illustrated in FIGURE 18. 
[0071] The double-sleeved balloon 170 advanta- 
geously prevents the femoral artery closure retractor 
100 from entering the femoral artery 10 and damaging 
it. Should the deflated balloon 1 70 be advanced into the 35 
femoral artery 10, the process of inflating the balloon 
1 70 will pull the balloon 1 70 out of the artery 1 0, thereby 
safely creating a tunnel 176 used to access the artery 
10. 

[0072] The balloon 170 is preferably angled at its dis- 40 
tal end 172 to allow the balloon 170 to "fit" the femoral 
artery 10, as shown in FIGURES 17-19. 
[0073] Once the balloon 170 is inflated (FIGURE 18) 
the retractor 100 is advanced between the two sleeves 
of the balloon 1 70, until the distal tip of the retractor 112 45 
reaches the distal end of the double sleeved balloon 
170. Once the retractor 100 is positioned between the 
two sleeves of the balloon 170, the two halves of the 
retractor 102a, 102b are moved laterally away from one 
another, as described above. The inner sleeve 1 78 and 50 
the dilator 1 50 are removed from the patient, leaving the 
separated retractor 100 and the outer sleeve 180 of the 
balloon 170 in the patient. The dilator 150 and the inner 
sleeve 178 are removed from the patient along the 
guidewire 144. 55 
[0074] The retractor 100 and the outer sleeve of the 
balloon 180 form an access tunnel 182 between the 
femoral artery puncture wound and the surface of the 



patient's body, as illustrated in FIGURE 20. This tunnel 
1 82 allows for the introduction of the wound closure de- 
vice to seal the femoral artery puncture wound. 
[0075] At this point, with the retractor providing ac- 
cess to the femoral artery, the proximal end of the 
guidewire 144 is inserted into the guidetube 136 on the 
surgical clip applicator assembly 130 and the wings on 
the guide plate are fitted within the grooves 126 of the 
opened retractor body 102 (FIGURES 14-16). The clip 
applicator assembly 1 30 can now be advanced toward 
the puncture wound, sliding within the grooves 126 in 
the retractor body 102, guided by the guidewire 144 
passing through the guidetube 1 36 at the distal tip of the 
surgical clip applicator assembly 130. When the distal 
tip of the surgical clip applicator 130 has reached the 
outer wall of the femoral artery 10, at the site of the punc- 
ture wound, the surgeon withdraws the guidewire 144 
from the patient's body and immediately deploys a sur- 
gical clip. A second clip can then be deployed a millim- 
eter or two away from the first clip in order to ensure that 
the wound is closed. 

[0076] In a preferred embodiment, just prior to closure 
of the puncture site, the flexible guidewire 1 44 used dur- 
ing the primary procedure is replaced with a commer- 
cially available guidewire that can become rigid at its 
distal end, forming a hook. The hooked distal end can 
be pulled back, "hooking" the puncture wound in the ar- 
tery. As the guidewire is pulled back further, the puncture 
wound is stretched into a linear slit, making it more ame- 
nable to closure by surgical clips. 

Third Alternate Method 

[0077] Referring now to FIGURES 21-27, a method 
of using the alternate embodiment of the retractor 200 
in conjunction with the dilator 220 and surgical clip ap- 
plicator assembly 250 to localize and close the femoral 
artery puncture wound is now described. As described 
above, following completion of the angioplasty or angi- 
ography, the catheter used during the procedure is re- 
moved from the patient's body, leaving only the 
guidewire 240 threaded into the femoral artery 10. 
[0078] The proximal end of the guidewire 240 is first 
inserted into the distal lumen 236 (FIGURE 26) of the 
dilator 220. The dilator 220 is advanced over the 
guidewire 240 into the patient's body. As described 
above, as the balloon-dilator apparatus 250 is ad- 
vanced, negative pressure is applied to the system via 
the syringe or other source connected at the proximal 
end of the dilator 225. The advance of the dilator 220 is 
stopped as soon as blood is aspirated through the indi- 
cator hole 228, thus indicating that the distal end of the 
dilator 226 is positioned within the femoral artery 1 0. The 
distal balloon 224 and the double-sleeved balloon 222 
are then inflated to anchor the dilator 220 in place and 
to form a tunnel between the femoral artery puncture 
wound and the surface of the patient's body. 
[0079] Once the balloons 222, 224 are inflated, the 
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retractor 200 is advanced between the two sleeves 229, 
230 of the double sleeved balloon 222. As Illustrated in 
FIGURE 24, the inner sleeve 230 of the double sleeved 
balloon 222 can be in an T shape, which provides more 
space between the two sleeves to insert the two halves 
202a, 202b of the reactor 200. The retractor 200 is ad- 
vanced between the two sleeves 229, 230, as described 
above, until the distal tip of the retractor 204 is posi- 
tioned just proximal to the puncture wound in the femoral 
artery 10. 

[0080] Once the retractor 200 is positioned between 
the two sleeves of the balloon 229, 230, the two halves 
of the retractor 202a, 202b are moved laterally away 
from oae another. This is done by loosening the set 
screws 214a, 214b, and sliding one half of the retractor 
body 202b away from the other half 202a on the pins 
21 2a 21 2b. The inner sleeve 230 of the double-sleeved 
balloon 222 and the dilator 220 are removed from the 
patient along the guidewire 240, leaving the separated 
retractor 200 and the outer sleeve 229 of the balloon 
222 in the patient. The retractor 200 and the outer sleeve 
of the balloon 229 form an access tunnel between the 
femoral artery puncture wound and the surface of the 
patient's body. This tunnel allows for the introduction of 
the wound closure device to seal the femoral artery 
puncture wound. 

[0081] At this point, with the retractor 200 and outer 
sleeve of the balloon 229 providing access to the fem- 
oral artery 10, the proximal end of the guidewire 240 is 
inserted into the distal end 262 of the indicator tube 260 
which is mounted on the surgical clip applicator 252. As 
described above, the distal end 262 of the indicator tube 
260 having an indicator hole 264 in it is positioned so 
that the indicator hole 264 extends past the distal end 
256 of the clip applicator 252. The indicator tube 260 
and the clip applicator 252 are advanced over the 
guidewire 240 while aspiration pressure is applied to the 
proximal end of the indicator tube 260. As soon as blood 
is aspirated through the indicator hole 264, the advance- 
ment of the indicator tube 260 and clip applicator 256 is 
stopped. At this point, the distal end of the surgical clip 
applicator 256 is positioned at the site of the puncture 
wound in the femoral artery 10. Surgical clips are then 
applied to seal the wound. 

[0082] Preferably, the distal end of the indicator tube 
262 is curved or hooked. The hooked distal end is used 
to hook the puncture wound in the artery, bringing the 
edges of the wound together to facilitate application of 
the clip. Using the hooked distal end 262 of the indicator 
tube 260, the puncture wound is stretched into a linear 
slit, making it more amenable to closure by surgical 
clips. 

Fourth Alternate Method 

[0083] Referring now to FIGURES 28-31 , still another 
method of closing a wound in the femoral artery of a pa- 
tient will be described. Here again, the femoral artery is 



first punctured with a hollow needle and a guidewire 350 
is inserted therethrough. A proximal portion of the 
guidewire 351 remains outside the patient's body. After 
the distal end of the guidewire 353 is in position within 
5 the femoral artery, the hollow needle is removed. Diag- 
nostic and/or therapeutic procedures are then carried 
out, using the guidewire 350 to guide the insertion of the 
other medical instruments into the vasculature of the pa- 
tient. 

10 [0084] Following completion of the therapeutic or di- 
agnostic procedure, the devices used during the proce- 
dure are removed. The guidewire 350 remains in place 
in the patient's vasculature. When the physician desires 
to close the wound in the artery, he or she first mounts 

15 the retractor 300 on the distal end of the dual-lumen 
catheter 340. This is done by loosening the screw 322 
on one of the handles 316b, and moving the handles 
316a, 316b away from one another to separate the two 
halves of the retracting portion 308, and the two parts 

20 of the retracting portion 308a, 308b are positioned 
around the dual-lumen catheter 340. The dual lumen 
catheter 340 fits within the semi-circular channel or 
grooves 312 formed in the inner surface of the retracting 
portion 308 of the retractor 300. The two halves of the 

25 retracting portion 308a, 308b are brought together using 
the handles 316a, 316b to surround the catheter 340. 
The retracting portion 308 is positioned on the catheter 
340 just proximal to the raised portion of the catheter 
354, so the distal tip of the retracting portion 310 is lo- 

30 cated just proximal to the indicator hole 352. Preferably, 
the distal tip of the retracting portion 308 will be approx- 
imately 0.5 mm behind the indicator hole 352 (see FIG- 
URE 31 ). Once in position, the screw 322 is tightened 
on the loop 320 to lock the two parts of the retracting 

35 portion 308a, 308b in position on the catheter 340. 
[0085] Once the retractor 300 is properly positioned 
on the dual-lumen catheter 340, the physician inserts 
the proximal end 351 of the guidewire 350 into the distal 
end of the inner lumen 342 in the dual-lumen catheter 

40 340. The dual-lumen catheter 340 and retractor 300 are 
advanced over the guidewire 350 and into the patient. 
As the catheter 340 and retractor 300 are advanced, 
negative pressure is applied to the outer lumen of the 
catheter, for example, through use of a syringe 360 at- 

45 tached to the proximal end of the outer lumen 358. Once 
the indicator hole 352 is advanced to a position inside 
the artery, blood will be drawn through the indicator hole 
352 and will become visible in the outer lumen of the 
catheter 340 and the syringe 360. At this point, advance- 

50 ment of the catheter 340 and retractor 300 are stopped, 
as the catheter 340 and retractor 300 are properly po- 
sitioned in the patient. 

[0086] Once properly positioned at the site of the 
puncture wound, the two halves of the retracting portion 
55 3 08a, 308b are separated slightly, using the handles 
31 6a, 31 6b at the proximal end 304 of the retractor 300. 
To separate the retracting portions 308a, 308b, the 
screw 322 is loosened, and the handles 316a, 316b ma- 
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nipulated into the desired position. The screw 322 is 
then tightened down upon the loop 320, prohibiting fur- 
ther movement of the handles 316a, 316b, and the cor- 
responding retracting portions 308a, 308b. 
[0087] At this point, the surrounding tissues have 
been displaced, forming an access path to the puncture 
wound, and the puncture wound may be visible. The du- 
al-lumen catheter 340 is removed from the patient by 
withdrawing it over the guidewire 350. The guidewire 
350 is left in place, and the wound closure device, such 
as a clip applicator, is inserted over the guidewire 350 
to the site of the wound. Clips, such as those made of 
titanium or a biodegradable material, are applied to the 
wound, as the guidewire 350 is removed. If necessary, 
the artery is compressed to stop the flow of blood out of 
the puncture wound during the closing of the wound. 
The closing device is removed when the physician is 
confident that the wound is closed , and the retractor 300 
is removed from the patient. 

[0088] Alternatively, a separate inner catheter 360 is 
used in the system of present invention. In this embod- 
iment, once the retractor 300 and dual-lumen catheter 
340 are in place, and the retracting portion 308 is in an 
open position, the dual-lumen catheter 340 is left in 
place, and the guidewire 350 is withdrawn from the pa- 
tient through the inner lumen 342. An inner catheter 360 
having an inflatable balloon 362 at its distal end is in- 
serted through the inner lumen 342 and into the patient. 
Once the distal balloon 362 is advanced past the distal 
tip 346 of the dual-lumen catheter 340, the balloon 362 
is inflated. The dual-lumen catheter 340 is removed from 
the patient, leaving the inner catheter 360 in place. 
[0089] To properly position the balloon inside the pa- 
tient's artery, the physician can measure the distance 
from the distal tip of the dual-lumen catheter 346 to just 
outside the patient's body when the catheter 340 is prop- 
erly positioned. The physician then inserts the inner 
catheter 360 just slightly more than that distance, to en- 
sure that the distal balloon 362 is within the artery. The 
physician then pulls the inner catheter 360 in a proximal 
direction until resistance is felt. This will place the bal- 
loon 362 at the site of the puncture would. The balloon 
362 is properly positioned just inside the artery of the 
patient. The balloon 362 helps to stop the flow of blood 
out of the puncture wound. The inner catheter 360 is 
used as a guide for the clip applicator or other closing 
device used to close the wound. The closing device is 
advanced until it contacts the inflated balloon 362. As 
the wound is closed, the balloon 362 is slowly deflated, 
and the inner catheter 360 is removed from the patient. 
Finally, once the physician is confident that the wound 
is closed, the retractor 300 is removed from the patient. 
[0090] The present invention can also be used with 
surgical staples or sutures. After the retractor is inserted 
into the patient's body and positioned at the puncture 
site as described above, the two halves of the retractor 
are separated, laterally displacing the tissues surround- 
ing the puncture site. The retractor acts much like a di- 



lator, gradually increasing the displacement of the over- 
lying tissues, until the puncture wound is visible to the 
physician. The wound can then be closed using any ac- 
ceptable means for wound closure, including surgical 
5 staples and sutures. 

[0091] Although certain embodiments and examples 
have been used to illustrate and describe the present 
invention, it is intended that the scope of the invention 
not be limited to the specific embodiments set forth here- 
to in. The scope of the invention is to be defined by the 
claims which follow. 



Claims 

15 

1. A device to facilitate the closure of wounds (25) in 
the vasculature of a patient, comprising: 

a body portion (302) having a retracting portion 
20 308 having two movable halves (308a, 308b) 

extending away from said body portion, and be- 
ing movable relative to one another, said halves 
forming a channel (314) extending completely 
through said retracting portion when the halves 
25 are positioned generally adjacent one another; 

a handle portion (304) connected to said body 
portion, the handle portion comprising two han- 
dles (316a, 316b) that are movable relative to 
each other, and relative movement of the han- 
30 dies controls relative movement of the retractor 

halves; and 

a hollow dilator (1 50, 220) having an open prox- 
imal end (225), an open distal end (226), 
at least a portion of said hollow dilator can be 

35 fit through said channel in said retracting por- 

tion of said device; characterized in that said 
halves are at an angle to said body portion and 
connected to each other through the body, in 
that said handles are connected to each other 

to and in that said dilator further has an indicator 

hole (154, 228) formed through an outer wall of 
the dilator between the proximal and distal 
ends. 

45 2. The device of Claim 1 , wherein said handle portion 
comprises a locking mechanism (320, 322) config- 
ured to selectively lock the relative position of the 
handles. 

50 3. The device of Claim 2, wherein said locking mech- 
anism comprises a loop (320) extending from one 
handle (316a) which surrounds a screw (322) 
mounted on the other handle (316b). 

55 4. The device of Claim 2, wherein the movable halves 
are substantially perpendicular to the body portion. 

5. The device of Claim 1 , wherein the hollow dilator is 
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adapted to receive a guidewire (144) extending 
therethrough and through the open proximal and 
distal ends. 

6. The device of Claim 5, wherein the dilator compris- 
es a dual lumen catheter (340), and the open prox- 
imal (344) and distal (346) ends are formed in a first 
lumen (342) of the catheter and the indicator hole 
(352) opens into the second lumen. 

7. The device of Claim 6, wherein the second lumen 
generally surrounds the first lumen. 

8. The device of Claim 6 further comprising a source 
of negative pressure in fluid communication with the 
second lumen. 

9. The device of Claim 8, wherein said source of neg- 
ative pressure comprises a syringe (158). 

10. The device of Claim 1 , wherein the body portion is 
formed of metal. 

11. The device of Claim 1, wherein the body portion is 
comprised of a biocompatible engineering polymer. 

12. The device of Claim 11, wherein the polymer is se- 
lected from the group consisting of polypropylene, 
polyethylene, and polyterephthalate. 

1 3. The device of Claim 2, wherein the dilator compris- 
es a stop on its outer surface (354), and the stop is 
located proximal of the indicator wall a distance at 
least about the same as the thickness of the wall of 
a femoral artery. 

14. The device of Claim 13, wherein an outer surface 
(354) of the dilator surrounding the indicator hole 
(352) is raised, and the distance between the indi- 
cator hole and a proximal end of the raised surface 
is at least about the same as the thickness of an 
artery wall. 

15. The device of Claim 1, wherein the dilator compris- 
es an inflatable balloon (170, 222, 224) positioned 
proximal the indicator hole. 

16. The device of Claim 15, wherein the balloon is 
spaced from the indicator hole a distance at least 
about the thickness of an artery wall. 

17. The device of Claim 16, wherein the balloon com- 
prises a double-sleeved inflatable balloon (170, 
222). 

18. The device of Claim 16, wherein the dilator addition- 
ally comprises a second inflatable balloon (224) dis- 
posed distal said indicator hole (228). 



19. The device of Claim 1, wherein said dilator further 
comprises a pressure sensor mounted on an out- 
side wall of said dilator. 

The device of Claim 1 additionally comprising a col- 
lar portion (110, 206) adapted to fit onto a proximal 
end of the halves. 

The device of Claim 1 , wherein the dilator compris- 
es a notch (152) proximal to the indicator hole, the 
notch being adapted to receive a distal end of the 
halves. 

A system for facilitating the closure of wounds in the 
vasculature of a patient, comprising: 

a retractor (300) comprising a distal body por- 
tion (302) and a proximal handle portion (304); 
the body portion comprising two elongate sep- 
arable retractor portions (308a, 308b) extend- 
ing away from the body portion, the retractor 
portions being adapted to move relative to each 
other between open and closed positions, and 
the retractor portions are adapted to define a 
channel (314) therebetween when in the closed 
position; 

the handle portion comprising a pair of elongate 
handles (316a, 316b) connected to the body 
portion, the handles being movable relative to 
one another and adapted so that relative move- 
ment of the handles controls the relative move- 
ment of the retracting portions between the 
open and closed positions; and 
a catheter (340) suitable to fit through said 
channel and comprising: 

a lumen (342) which extends from a prox- 
imal end (344) of the catheter to a distal 
end (346) of the catheter the lumen adapt- 
ed to receive a guidewire (350) there- 
through; characterised in that said retrac- 
tor portions extend at an angle to said body 
portion, in that said handles are operative- 
ly connected to each other and in that said 
catheter further comprises 
an indicator hole (352) formed through an 
outer wall of the catheter between the distal 
and proximal ends; and 
a stop defined on an outer surface (354) of 
the catheter proximal of the indicator hole, 
a distance between the indicator hole and 
the stop being at least about the same as 
the thickness of a vascular vessel wall; 

wherein the stop defines the positioning of the 
distal ends of the retractor portions to be at or ad- 
jacent the stop, such that the distal tip of the retract- 
ing portion (310) stops proximal to the raised sur- 
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face (354). 

23. The system of Claim 22, wherein the stop compris- 
es a raised portion of the outer surface of the cath- 
eter surrounding the indicator hole, and a proximal 
end of the raised surface portion is located a dis- 
tance at least about the same as the thickness of 
the wall of a femoral artery. 

24. The system of Claim 22, wherein the lumen is at- 
tached to a source of negative pressure. 

25. The system of Claim 22, wherein the catheter com- 
prises a first lumen and a second lumen, the first 
lumen being adapted to slidably accommodate the 
guidewire, the second lumen communicating with 
the indicator hole. 

26. The system of Claim 25, wherein the second lumen 
is attached to the source of negative pressure. 

27. The system of Claim 25, wherein the second lumen 
concentrically surrounds the first lumen. 

28. The system of Claim 27 further comprising a second 
indicator hole through the catheter outer wall and 
into the second lumen, the second indicator hole lo- 
cated substantially the same distance from the 
catheter distal end as the first indicator hole. 

29. The system of Claim 22, wherein the handle portion 
comprises a locking mechanism (320, 322) config- 
ured to control the distance between the two han- 
dles. 

30. The system of Claim 22 additionally comprising a 
surgical clip applicator (70, 1 32, 252) having a distal 
end (75), wherein said distal end of the applicator 
has two laterally protruding wings (77a, 77b) at- 
tached, said wings being adapted to fit within the 
channel in said boy portion of said retractor. 

31. The system of Claim 30, wherein the surgical clip 
applicator further comprises a guide (80) attached 
to said distal end of said applicator and extending 
laterally therefrom, wherein said guide is adapted 
to receive said guidewire (20) therethrough. 



Patentansprtiche 

1. Vorrichtung zur Erleichterung des Verschlieftens 
von Wunden (25) im Gefaftsystem eines Patienten, 
umfassend: 

einen Korperabschnitt (302) mit einem Zuriick- 
ziehabschnitt (308) mit zwei beweglichen Half- 
ten (308a, 308b), die sich von dem Korperab- 



schnitt weg erstrekken und relativ zueinander 
beweglich sind, wobei die Halften einen rohren- 
formigen Gang (314) bilden, der sich vollstan- 
dig durch den Zuruckziehabschnitt erstreckt, 
5 wenn die Halften allgemein aneinander an- 

grenzend positioniert sind; 
einen Griffabschnitt (304), der an den Korper- 
abschnitt angeschlossen ist, wobei der Griffab- 
schnitt zwei relativ zueinander bewegliche Grif- 
10 fe (31 6a, 31 6b) umfasst und eine Relativbewe- 

gung der Griffe eine Relativbewegung der 
Wundspreizerhalften steuert; und 
einen hohlen Dilatator (1 50, 220) mit einem of- 
fenen proximalen Ende (225) und einem offe- 
rs nen distalen Ende (226), wobei wenigstens ein 
Abschnitt des hohlen Dilatators durch den roh- 
renformigen Gang in dem Zuruckziehabschnitt 
der Vorrichtung geschoben werden kann; 

20 dadurch gekennzeichnet, dass 

die Halften in einem Winkei zu dem Korperab- 
schnitt stehen und uber den Korper miteinan- 
der verbunden sind, 
25 - die Griffe miteinander verbunden sind, und 

der Dilatator ferner ein Indikatorloch (154, 228) 
aufweist, das durch eine Auftenwand des Dila- 
tators zwischen dem proximalen und dem di- 
stalen Ende geformt ist. 

30 

2. Vorrichtung nach Anspruch 1, wobei der Griffab- 
schnitt einen Verriegelungsmechanismus (320, 
322) umfasst, der zur selektiven Verriegelung der 
Relativstellung der Griffe angeordnet ist. 

35 

3. Vorrichtung nach Anspruch 2, wobei der Verriege- 
lungsmechanismus eine sich von einem Griff 
(316a) weg erstreckende Schlaufe (320) umfasst, 
die eine an dem anderen Griff (316b) montierte 

40 Schraube (322) umschlieftt. 

4. Vorrichtung nach Anspruch 2, wobei die bewegli- 
chen Halften weitgehend lotrecht zum Korperab- 
schnitt sind. 

45 

5. Vorrichtung nach Anspruch 1 , wobei der hohle Di- 
latator zur Aufnahme eines Fuhrungsdrahts (144) 
geeignet ist, der sich dort hindurch und durch das 
offene proximale und distale Ende hindurch er- 

50 streckt. 

6. Vorrichtung nach Anspruch 5, wobei der Dilatator 
einen Doppellumenkatheter (340) umfasst und das 
offene proximale (344) und distale (346) Ende in ei- 

55 nem ersten Lumen (342) des Katheters geformt 
sind und das Indikatorloch (352) in das zweite Lu- 
men hinein offnet. 
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7. Vorrichtung nach Anspruch 6, wobei das zweite Lu- 
men allgemein das erste Lumen umschliefM. 

8. Vorrichtung nach Anspruch 6, die ferner eine Unter- 
druckquelle in Fluidverbindung mit dem zweiten Lu- 5 
men umfasst. 

9. Vorrichtung nach Anspruch 8, wobei die Unter- 
druckquelie eine Spritze (158) umfasst. 

10 

10. Vorrichtung nach Anspruch 1 , wobei der Korperab- 
schnitt aus Metall geformt ist. 

11. Vorrichtung nach Anspruch 1 , wobei der Korperab- 
schnitt aus einem biokompatiblen technischen Po- 15 
lymer besteht. 

12. Vorrichtung nach Anspruch 11, wobei das Polymer 
ausgewahlt ist aus der Gruppe bestehend aus Po- 
lypropylen, Polyethylen und Polyterephtalat. 20 

13. Vorrichtung nach Anspruch 2, wobei der Dilatator 
auf seiner Auftenflache (354) einen Anschlag um- 
fasst und der Anschlag proximal zur Indikatorwand 

in einem Abstand angeordnet ist, der wenigstens 25 
ungefahr gleich wie die Starke der Wand einer 
Oberschenkelarterie ist. 

14. Vorrichtung nach Anspruch 13, wobei eine Aufcen- 
flache (354) des das Indikatorloch (352) umschlie- 30 
ftenden Dilatators erhaben ist und der Abstand zwi- 
schen dem Indikatorloch und einem proximalen En- 

de der erhabenen Flache wenigstens ungefahr 
gleich wie die Starke einer Arterienwand ist. 

35 

15. Vorrichtung nach Anspruch 1, wobei der Dilatator 
einen proximal zum Indikatorloch position ierten 
aufblasbaren Ballon (170, 222, 224) umfasst. 

16. Vorrichtung nach Anspruch 1 5, wobei der Ballon mit *o 
einem Abstand von wenigstens ungefahr der Starke 
einer Arterienwand vom Indikatorloch angeordnet 

ist. 

17. Vorrichtung nach Anspruch 16, wobei der Ballon ei- 45 
nen aufblasbaren Doppelhulsenballon (170, 222) 
umfasst. 

18. Vorrichtung nach Anspruch 16, wobei der Dilatator 
zusatzlich einen zweiten aufblasbaren Ballon (224) 50 
umfasst, der distal von dem Indikatorloch (228) an- 
geordnet ist. 

19. Vorrichtung nach Anspruch 1, wobei der Dilatator 
ferner einen Druckmessfuhler umfasst, der an einer 55 
Aufienwand des Dilatators angebracht ist. 

20. Vorrichtung nach Anspruch 1, die zusatzlich einen 



Kragenabschnitt (110, 206) umfasst, der zum Auf- 
ziehen auf ein proximales Ende der Halften geeig- 
net ist. 

21. Vorrichtung nach Anspruch 1, wobei der Dilatator 
proximal zum Indikatorloch eine Nut (152) umfasst, 
die zur Aufnahme eines distalen Endes der Halften 
geeignet ist. 

22. System zur Erleichterung des Verschliefiens von 
Wunden im Gefaftsystem eines Patienten, umfas- 
send: . 

einen Wundspreizer (300), der einen distalen 
Korperabschnitt (302) und einen proximalen 
Griffabschnitt (304) umfasst; 
wobei der Korperabschnitt zwei langliche 
trennbare Wundspreizerabschnitte (308a, 
308b) umfasst, die sich von dem Korperab- 
schnitt weg erstrecken, wobei die Wunds- 
preizerabschnitte zur Relativbewegung zuein- 
ander zwischen einer offenen und einer ge- 
schlossenen Stellung geeignet sind, und die 
Wundspreizerabschnitte in der geschlossenen 
Stellung zur Abgrenzung eines rohrenfbrmigen 
Gangs (314) dazwischen geeignet sind; 
wobei der Griffabschnitt ein Paar langliche Grif- 
fe (316a, 316b) umfasst, die mit dem Korper- 
abschnitt verbunden sind, wobei die Griffe re- 
lativ zueinander beweglich und so ausgelegt 
sind, dass eine Relativbewegung der Griffe die 
Relativbewegung der ZurOckziehabschnitte 
zwischen der offenen und der geschlossenen 
Stellung steuert; und 

einen Katheter (340), der zum Hindurchschie- 
ben durch den rohrenformigen Gang geeignet 
ist und ein Lumen (342) umfasst, das sich von 
einem proximalen Ende (344) des Katheters zu 
einem distalen Ende (346) des Katheters er- 
streckt, wobei das Lumen zur Aufnahme eines 
Fuhrungsdrahts (350) dort hindurch geeignet 
ist; 

dadurch gekennzeichnet, dass 

die Wundspreizerabschnitte in einem Winkel 
zu dem Korperabschnitt verlaufen, 
die Griffe betriebsfahig miteinander verbunden 
sind, und 

der Katheter ferner ein Indikatorloch (352) um- 
fasst, das durch eine Aufienwand des Kathe- 
ters zwischen dem distalen und dem proxima- 
len Ende geformt ist; und einen Anschlag um- 
fasst, der auf einer Aulienflache (354) des Ka- 
theters proximal zu dem Indikatorloch abge- 
grenzt ist, wobei ein Abstand zwischen dem In- 
dikatorloch und dem Anschlag wenigstens un- 
gefahr gleich wie die Starke einer Gefafiader- 
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wand ist, wobei der Anschlag die 
Positionierung der distalen Enden der Wunds- 
preizerabschnitte auf Oder angrenzend an den 
Anschlag festlegt, so dass die distale Spitze 
des Zuruckziehabschnitts (310) proximal zu 
der erhabenen Flache (354) stoppt. 

23. System nach Anspruch 22, wobei der Anschlag ei- 
nen erhabenen Abschnitt der Aufienflache des das 
Indikatorloch umschliefienden Katheters umfasst 
und ein proximales Ende des erhabenen Flachen- 
abschnitts in einem Abstand wenigstens ungefahr 
gieich wie die Starke der Wand einer Oberschen- 
kelarterie angeordnet ist. 

24. System nach Anspruch 22, wobei das Lumen mit 
einer Unterdruckquelle verbunden ist. 

25. System nach Anspruch 22, wobei der Katheter ein 
erstes Lumen und ein zweites Lumen umfasst, wo- 
bei das erste Lumen zur verschiebbaren Aufnahme 
des Fuhrungsdrahts geeignet ist und das zweite Lu- 
men mit dem Indikatorloch in Verbindung steht. 

26. System nach Anspruch 25, wobei das zweite Lu- 
men mit der Unterdruckquelle verbunden ist. 

27. System nach Anspruch 25, wobei das zweite Lu- 
men das erste Lumen konzentrisch umschliefM. 

28. System nach Anspruch 27, das ferner ein zweites 
Indikatorloch durch die Katheteraufienwand hin- 
durch und in das zweite Lumen hinein umfasst, wo- 
bei das zweite Indikatorloch weitgehend in demsel- 
ben Abstand vom distalen Ende des Katheters ge- 
legen ist wie das erste Indikatorloch. 

29. System nach Anspruch 22, wobei der Griff abschnitt 
einen Verriegelungsmechanismus (320, 322) um- 
fasst, der zur Steuerung des Abstands zwischen 
den zwei Griffen angeordnet ist. 

30. System nach Anspruch 22, das zusatzlich einen 
chirurgischen Clipapplikator (70, 132, 252) mit ei- 
nem distalen Ende (75) umfasst, wobei an dem di- 
stalen Ende des Applikators zwei seitlich aussprin- 
gende Schenkel (77a, 77b) angebracht sind und 
diese Schenkel zum Einschieben in den rohrenfor- 
migen Gang in dem Korperabschnitt des Wunds- 
preizers geeignet sind. 

31. System nach Anspruch 30, wobei der chirurgische 
Clipapplikator ferner eine Fuhrung (80) umfasst, die 
an dem distalen Ende des Applikators angebracht 
ist und sich lateral davon erstreckt, wobei die Fuh- 
rung zur Aufnahme des Fuhrungsdrahts (20) dort 
hindurch geeignet ist. 



Revendications 

1 . Dispositif pour faciliter la fermeture des lesions (25) 
dans le systeme vasculaire d'un patient, 

5 comprenant : 

une partie de corps (302) ayant une partie 
d'ecartement (308) ayant deux moities mobiles 
(308a, 308b) se deployant depuis ladite partie 

10 de corps, et etant mobiles Tune par rapport a 

I'autre, lesdites moities formant un canal (314) 
se deployant completement par ladite partie 
d'ecartement quand les moities sont position- 
nees generalementde maniere adjacente Tune 

15 par rapport a I'autre ; 

une partie de manche (304) reliee a ladite.partie 
de corps, la partie de manche comprenant deux 
manches (316a, 316b) qui sont mobiles Tun par 
rapport a I'autre, et le mouvement relatif des 

20 manches controle le mouvement relatif des 

moities de I'ecarteur ; et 
un dilatateur creux (150, 220) ayant une extre- 
mite proximale ouverte (225), une extremite 
distale ouverte (226), 

25 au moins une partie dudit dilatateur creux peut 

etre adaptee par ledit canal dans ladite partie 
d'ecartement dudit dispositif ; caracterise en 
ce que lesdites moities sont reliees I'une a 
I'autre par le corps et font un angle avec ladite 

30 partie de corps, en ce que lesdits manches 

sont relies run a I'autre et en ce que ledit dila- 
tateur a en outre un trou indicateur (154, 228) 
forme au travers d'une paroi externe du dilata- 
teur entre les extremites proximale et distale. 

35 

2. Dispositif selon la revendication 1, dans lequel la- 
dite partie de manche comprend un mecanisme de 
blocage (320, 322) configure pour bloquer de ma- 
niere selective la position relative des manches. 

40 

3. Dispositif selon la revendication 2, dans lequel ledit 
mecanisme de blocage comprend une boucle (320) 
se deployant depuis un manche (316a) qui entoure 
une vis (322) montee sur I'autre manche (316b). 

45 

4. Dispositif selon la revendication 2, dans lequel les 
moities mobiles sont sensiblement perpendiculai- 
res a la partie de corps. 

50 5. Dispositif selon la revendication 1 , dans lequel le 
dilatateur creux est adapte pour recevoir un fil guide 
(144) se deployant au travers de celui-ci et par les 
extremites proximale et distale ouvertes. 

55 6. Dispositif selon la revendication 5, dans lequel le 
dilatateur comprend un catheter double lumiere 
(340), et les extremites proximale (344) et distale 
(346) ouvertes sont formees dans une premiere lu- 
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miere (342) du catheter et le trou indicateur (352) 
s'ouvre dans la seconde lumiere. 

7. Dlspositif selon la revendication 6, dans lequel la 
seconde lumiere entoure generalement la premiere 
lumiere. 

8. Dispositif selon la revendication 6 comprenant en 
outre une source de pression negative dans la com- 
munication des fluides avec la seconde lumiere. 

9. Dispositif selon la revendication 8, dans lequel la- 
dite source de pression negative comprend une se- 
ringue (158). 

10. Dispositif selon la revendication 1, dans lequel la 
partie de corps est formee de metal. 

11. Dispositif selon la revendication 1, dans lequel la 
partie de corps est composee d'un polymere de 
construction biocompatible. 

12. Dispositif selon la revendication 11, dans lequel le 
polymere est choisi dans le groupe constitue de po- 
lypropylene, de polyethylene et de polyterephtala- 
te. 

13. Dispositif selon la revendication 2, dans lequel le 
dilatateur comprend un arret sur sa surface externe 
(354), et I'arret est situe de maniere proximale par 
rapport a la paroi de I'indicateur a une distance au 
moins environ la meme que I'epaisseur de la paroi 
de I'artere femorale. 

14. Dispositif selon la revendication 1 3, dans lequel une 
surface externe (354) du dilatateur entourant le trou 
indicateur (352) est levee, et la distance entre le 
trou de I'indicateur et une extremite proximale de la 
surface elevee est au moins environ la meme que 
I'epaisseur d'une paroi de I'artere. 

15. Dispositif selon la revendication 1, dans lequel le 
dilatateur comprend un ballonnet gonflable (170, 
222, 224) positionne de maniere proximale par rap- 
port du trou indicateur. 

16. Dispositif selon la revendication 15, dans lequel le 
ballonnet est espace du trou de I'indicateur d'une 
distance d'au moins environ I'epaisseur d'une paroi 
de I'artere. 

17. Dispositif selon la revendication 16, dans lequel le 
ballonnet comprend un ballonnet gonflable a dou- 
ble manchon (170, 222). 

18. Dispositif selon la revendication 16, dans lequel le 
dilatateur comprend de plus un second ballon gon- 
flable (224) dispose de maniere distale audit trou 



indicateur (228). 

19. Dispositif selon la revendication 1 , dans lequel (edit 
dilatateur comprend en outre un capteur de pres- 

5 sion monte sur une paroi externe dudit dilatateur. 

20. Dispositif selon la revendication 1 , comprenant de 
plus une partie reliee (110, 206) adaptee sur une 
extremite proximale des moities. 

10 

21. Dispositif selon la revendication 1, dans lequel le 
dilatateur comprend une rainure (1 52) proximale du 
trou indicateur, la rainure etant adaptee pour rece- 
voir une extremite distale des moities. 

15 

22. Systeme pour faciliter la fermeture des lesions dans 
le systeme vasculaire d'un patient, comprenant : 

un ecarteur (300) comprenant une partie de 
20 corps distale (302) et une partie de manche 

proximale (304) ; 

la partie de corps comprenant deux parties 
d'ecarteur separables allongees (308a, 308b) 
se deployant depuis la partie de corps, les par- 

25 ties d'ecarteur etant adaptees pour se deplacer 

Tune par rapport a I'autre entre les positions 
ouverte et fermee, et les parties d'ecarteur sont 
adaptees pour definir un canal (314) entre elles 
a la position fermee ; 

30 la partie de manche comprenant une paire de 

manches allonges (316a, 316b) relies a la par- 
tie de corps, les manches etant mobiles I'un par 
rapport a I'autre et adaptesde sorte que le mou- 
vement relatif des manches commande le mou- 

35 vement relatif des parties d'ecartement entre 

les positions ouverte et fermee ; et 
un catheter (340) approprie pour s'adapter au 
travers dudit canal et comprenant : 

40 une lumiere (342) qui s'etend depuis une 

extremite proximale (344) du catheter vers 
une extremite distale (346) du catheter, la 
lumiere etant adaptee pour recevoir un fil 
guide (350) au travers de celle-ci ; carac- 

45 terise en ce que lesdites parties d'ecarteur 

se deploient en faisant un angle avec ladite 
partie de corps, en ce que lesdits manches 
sont relies de maniere fonctionnelle Tun a 
I'autre et en ce que ledit catheter com- 

50 prend en outre un trou indicateur (352) for- 

me par une paroi externe du catheter entre 
les extremites distale et proximale ; et 
un arret defini sur une surface externe 
(354) du catheter proximale du trou indica- 

55 teur, une distance entre le trou indicateur 

et I'arret etant au moins environ la meme 
que I'epaisseur d'une paroi d'un vaisseau 
vasculaire ; 



18 



35 



EP 0 955 900 B1 



dans lequel I'arret definit le positionnement 
des extremites distales des parties d'ecarteur pour 
qu'elles soient au niveau de I'arret ou adjacentes a 
('arret, de sorte que I'embout distal de la partie 
d'ecartement (31 0) s'arrete en amont de la surface 5 
elevee (354). 

23. Systeme selon la revendication 22, dans lequel I'ar- 
ret comprend une partie elevee de la surface exter- 

ne du catheter entourant le trou indicateur, et une 10 
extremite proximale de la partie de la surface ele- 
vee est situee a une distance au moins environ ega- 
le a I'epaisseur de la paroi d'une artere femorale. 

24. Systeme selon la revendication 22, dans lequel la *5 
lumiere est fixee a une source de pression negative. 

25. Systeme selon la revendication 22, dans lequel le 
catheter comprend une premiere lumiere et une se- 
conde lumiere, la premiere lumiere etant adaptee 20 
pour ajuster le fil guide en le faisant glisser, la se- 
conde lumiere communiquant avec le trou indica- 
teur. 

26. Systeme selon la revendication 25, dans lequel la 25 
seconde lumiere est fixee a la source de pression 
negative. 

27. Systeme selon ta revendication 25, dans laquelle la 
seconde lumiere entoure de maniere concentrique 30 
la premiere lumiere. 

28. Systeme selon la revendication 27 comprenant en 
outre un second trou indicateur au travers de la pa- 
roi externe du catheter et dans la seconde lumiere, 35 
le second trou indicateur etant situe sensiblement 

a la meme distance de I'extremite distale du cathe- 
ter que le premier trou indicateur. 

29. Systeme selon la revendication 22, dans lequel la *o 
partie de manche comprend un mecanisme de fer- 
meture (320, 322) configure pour controler la dis- 
tance entre le deux manches. 

30. Systeme selon la revendication 22 comprenant de 45 
plus un applicateurd'agrafes chirurgicales (70, 1 32, 
252) ayant une extremite distale (75), dans lequel 
ladite extremite distale de I'applicateur a deux ailes 
saillantes lateralement (77a, 77b) fixees, lesdites 
ailes etant adaptees pour aller dans le canal dans so 
ladite partie de corps dudit ecarteur. 

31 . Systeme selon la revendication 30, dans lequel I'ap- 
plicateur d'agrafes chirurgicales comprend en outre 

un guide (80) fixe a ladite extremite distale dudit ap- 55 
plicateur et se deployant de maniere laterale depuis 
celle-ci, dans lequel ledit guide est adapte pour re- 
cevoir ledit fil guide (20) au travers de celui-ci. 
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